We analyzed the promoter of the genes encoding the ribulose-1,5-bisphosphate carboxylase/oxygenase (rbc) in the cyanobacterium Synechococcus sp. PCC7002 and localized the CO 2 -regulatory element. Cyanobacterial transformants were constructed with several DNA segments of the rbc promoter fused to the chloramphenicol acetyltransferase (CAT) gene, and their acetyltransferase activities were analyzed under 0.03% and 1% CO 2 conditions. We found that the AT-rich element localized from -262 to -291 relative to the rbc translation-starting site was required for CO 2 -dependent repression. Fluorescent-labeled oligonucleotide probes of identical sequence to the AT-rich element were reacted with protein extracts from cells cultured under conditions of low and high CO 2 atmospheric content. We detected a gel retardation complex of a strong signal intensity in extracts from cells cultured under 15% CO 2 , but only a weak signal from cells cultured under 1% CO 2 . Moreover, a DNA affinity precipitation assay identified a 16-kDa protein that bound to nucleotide sequences within the AT-rich element. The partial amino acid sequence of the protein was similar to the deduced protein sequences of ORF129 and ORF155 from Synechocystis 6803. Our findings suggest that the AT-rich element plays a role as a negative CO 2 -regulatory element and its transacting factor possibly regulates the rbc transcription in response to CO 2 levels.
Introduction
The efficiency of photosynthetic carbon assimilation is, in part, limited by ribulose-1,5-bisphosphate carboxylase/oxygenase (rubisco) (Miziorko and Lorimer 1983) . Rubisco is the key enzyme in the Calvin-Benson cycle and is a hexadecameric assembly composed of eight large subunits (rbcL) of about 55 kDa and eight small subunits (rbcS) of about 13 kDa. In higher plants, transcript accumulation of the rbcS is regulated by CO 2 , light and other environmental factors (Cheng et al. 1998 , Donald and Cashmore 1990 , Ueda et al. 1989 . Several cis-acting elements such as the G box and AT-rich element upstream of the rbcS promoter regions have been characterized (Donald and Cashmore 1990 , Manzara et al. 1993 , Ueda et al. 1989 . However, until now, neither the CO 2 -response element nor its trans-acting factor have been identified.
Cyanobacteria are prokaryotes that carry out oxygenevolving photosynthesis in a manner similar to higher plants. This characteristic makes them useful as a model system for the study of photosynthetic processes and several other important biological phenomena. In cyanobacteria, the cellular concentration of rubisco increases at low CO 2 levels (Mayo et al. 1989) , suggesting the existence of the CO 2 regulatory mechanism in the rbc expression. However, little is known about the regulatory mechanism in cyanobacteria or higher plants.
Identification of regulatory DNA elements and their related DNA-binding proteins is important to understand the regulatory mechanism of a gene. The most reliable technology for detecting sequence-specific DNA-binding proteins, such as transcription factors, has been the electrophoretic mobility shift assay (EMSA) (Carthew et al. 1985 , Singh et al. 1986 . A new protocol for EMSA that combines fluorescent-labeled oligonucleotide probes and an automated DNA sequencer (fEMSA) has recently been developed (Onizuka et al. unpublished, Ruscher et al. 2000) . This assay provides the following advantages: (I) simplicity in procedure, enabling the analysis of a large number of samples simultaneously, (II) use of a fluorescentlabeled probe which is highly stable and can be used repeatedly, (III) the ability to utilize multiple fluorescent-colored Fig. 1 Nucleotide and deduced amino acid sequences of rbc genes and its flanking regions from Synechococcus sp. 7002. Nucleotide residue number begins with the AUG initiation codon of rbcL. Putative E. coli-like '-10' and '-35' promoter sequences upstream of rbcL are shown by bold lines. Possible ribosome-binding sequences for rbcL, rbcS and ORF134 genes are double-underlined, and inverted repeats that may function as a transcription terminator signal are designated with small letters and marked with arrows. The AT-rich element that contains the CO 2 -regulatory element is indicated in the closed box.
probes simultaneously enabling the analysis of multiple factors with an internal control in a single experiment, (IV) speed and sensitivity in providing quantifiable data regarding the protein-DNA complexes of interest. These advantages are highly favorable when we investigate the activation or inhibition of transcription factors under various conditions.
In the present study, using fEMSA, we found that the CO 2 -dependent cis-acting element was present upstream of the cyanobacterial rbc promoter, and we identified a DNA sequence element and its corresponding trans-acting factor that possibly are required for the response of the rbc promoter in Synechococcus sp. PCC7002 (Agmenellum quadruplicatum strain PR-6) to CO 2 .
Results

Sequence of the rbc genes of Synechococcus sp. PCC7002
The nucleotide sequence and deduced protein sequence of the rbc genes are shown in Fig. 1 . For rbcL, a high degree of conservation was found among Synechococcus 6301 , Synechocystis 6803 (Kaneko et al. 1996) and Anabaena 7120 (Curtis and Haselkorn 1983) , whereas the similarity of rbcS among these cyanobacteria was somewhat low (Nierzwicki-Bauer et al. 1984, Shinozaki and . The 5¢-sequence starting at -7 upstream of the rbcL gene shows the possible ribosome-binding site, GAGGA, which was identical to the sequence found -9 upstream of rbcS. On the other hand, the 3¢-region downstream of rbcS gene reveals two inverse repeats capable of forming a stemand-loop structure that might be a single transcription termination.
In the spacer region of the rbc genes from Synechococcus sp. PCC7002, however, we found an ORF134 with a possible Shine-Dalgarno sequence, GATGA, which was located -9 upstream of the first postulated AUG codon. Interestingly, the corresponding ORF, ORF132 and ORF91, occur in Anabaena 7120 and Synechocystis 6803 rbc operons, respectively. Comparisons among derived amino acid sequences of ORF134, ORF132 and ORF91 products showed 34 identical and 32 similar amino acids. However, these ORF products had no significant similarity to any other proteins deposited in SwissProt and NBRF-PIR protein sequence data banks using BLAST program (Stephen et al. 1990 ).
Analysis of rbcL expression level
We extracted total RNA from cyanobacteria cultured in the presence of 0.03%, 1% and 15% CO 2 and quantified the mRNA levels of Synechococcus PCC7002 rbcL by the quantitative RT-PCR fluorescent method (Akiyama et al. 1996) . When normalized to ATPaseA transcript levels as a control, PCC7002 rbcL transcripts were decreased with increasing CO 2 levels (Table 1 ). This suggests the existence of a negative CO 2 -regulatory element in the rbc promoter region regulating the rbc expression in response to CO 2 levels.
Construction and analysis of the rbc promoter deletions
In order to determine the site of the CO 2 -regulatory element and promoter sequences such as those frequently observed at position, '-10' and '-35 ' in E. coli, we constructed pAQJ4-CAT by inserting a chloramphenicol acetyltransferase (CAT) gene and rRNA T1T2 terminator region from pKK232-8 into pAQJ4-MCS (Fig. 2) . Seven deletions in the rbc promoter obtained using a PCR technique were fused to the CAT-coding region (Fig. 3A) , and their promoter activities in Synechococcus sp. PCC7002 were characterized. Fig. 3B shows CAT activities in cell extracts from four independent transformants carrying each deletion. High CAT activities were detected in cyanobacterial extracts from R1/ pAQJ4-CAT, R2/pAQJ4-CAT, R6/pAQJ4-CAT and R7/pAQJ4-CAT transformants, whereas no CAT activity was seen in extracts from R3/pAQJ4-CAT, R4/pAQJ4-CAT and R5/ pAQJ4-CAT transformants. These results suggest that the region, -132 to -228 upstream from translation-starting site of rbcL contains '-10' and '-35' promoter sequences.
On the other hand, CO 2 -dependent CAT activity was detected in cyanobacterial transformants containing R1/pAQJ4-CAT and R7/pAQJ4-CAT. Extracts from these transformants grown under 1% CO 2 showed diminished activities compared to those from 0.03% CO 2 -grown cells. However, a high CAT activity with loss of CO 2 -dependency was seen in extracts from R6/pAQJ4-CAT transformant grown under 1% CO 2 . Thus, the region, -306 to -251 upstream from the translation-starting site of rbcL which contains the AT-rich sequence (-291 to -262), possibly contributes to CO 2 response of the rbc promoter in Synechococcus sp. PCC7002.
Evaluation of trans-acting factor that binds to the AT-rich region in the rbc promoter
To verify that fEMSA provides quantitative data, we evaluated the signal intensity of protein-DNA complexes in response to the protein content. Our results showed a nearly linear relationship between the signal intensity of the sequencespecific band and the amount of input proteins, indicating that fEMSA can accurately quantify the protein-DNA complexes in comparable and controlled experiments (data not shown).
In order to verify the function of the AT-rich element located from -291 to -262, we performed fEMSA as described above. Protein extracts prepared from PCC7002 under 1% or 15% CO 2 were incubated with the fluorescent-labeled AT-rich element and peaks of fluorescence intensity corresponding to gel-retarded protein-DNA complexes were analyzed. As shown in Fig. 4A , three peaks representing the protein-DNA complexes were observed in addition to the unbound oligonucleotide peaks. One of the three peaks was specifically competed by 50-fold molar excess of non-labeled AT-rich probe, but not by non-specific oligonucleotide probe. Interestingly, the signal intensity for protein-DNA complex from PCC7002 grown under 1% CO 2 showed diminished value compared to that under 15% CO 2 (Fig. 4B) . Thus, the trans-acting factor which binds to the AT-rich element in the rbc promoter region may regulate the rbcLS transcription in response to CO 2 levels.
Identification of trans-acting factor that binds to the rbc ATrich region
Using a DNA affinity precipitation assay, two types of proteins (molecular masses, 11-and 16-kDa proteins), were detected with the AT-rich element incubated with protein extracts (Fig. 5) . Amino terminal sequence analysis of each protein and the amino acid similarity search showed that 11-kDa protein was streptavidin. However, as shown in Fig. 6 , the 16-kDa protein was similar to the deduced protein sequences of ORF129 and ORF155 from Synechocystis 6803 (Kaneko et al. 1996) in Swiss-Prot and NBRF-PIR protein sequence data banks using the BLAST program (Stephen et al. 1990 ).
Discussion
In the present study, we investigated the effects of 5¢ Arrows indicate the direction of PCR amplification. Seven PCR fragments were blunt-ended with klenow fragment of E. coli DNA polymerase and ligated with the filled-in PstI extremities of pAQJ4-CAT in the correct orientation, generating R series. (B) CAT activities of CAT reporter gene fusions in Synechococcus sp. 7002 grown under aeration with 0.03% (white bars) or 1% CO 2 (black bars). CAT activity was assayed using DTNB as described in Materials and Methods and data are expressed as the increase in A 412 mmol -1 min -1 mg -1 .
upstream sequences of the Synechococcus sp. 7002 rbc translation-starting site on the expression of the CAT reporter gene to identify a CO 2 -regulatory element and promoter elements. Deletion analysis in cyanobacterial transformants showed that the region, -132 to -228 upstream from the translation-starting site of rbcL contains promoter sequences. The sequences 'TAACAT' and 'TAAAAA' starting at positions -152 and -174 were the best candidates that show homology to the '-10' and '-35' elements in E. coli, respectively (shown by bold lines in Fig. 1 ). Quantitative RT-PCR fluorescent method elucidated that PCC7002 rbcL transcripts were decreased with increasing CO 2 levels (Table 1) . Moreover transformants containing R1/ pAQJ4-CAT and R7/pAQJ4-CAT, had weak CAT activities under 1% CO 2 , but had considerably increased CAT activities when the cells were grown under 0.03% CO 2 (Fig. 3 ). By contrast, the CAT activity in the transformant containing trc/ pAQJ4-CAT was not significantly changed under both 1% and 0.03% CO 2 levels. These results suggest that the transcription of rbc genes is regulated by CO 2 conditions and induced by low CO 2 levels. The most plausible interpretation of this phenomenon is that proper function of the cyanobacterial rubisco highly depends on the CO 2 -concentrating ability and carboxysomal subcellular structures. The regulation of rbc genes by CO 2 conditions is consistent with the fact that rubisco is located in the carboxysomes involved in efficient CO 2 utilization, and that cyanobacteria growing at the atmospheric level of CO 2 contain more carboxysomes than those growing at 5% CO 2 in air (Friedberg et al. 1989) . Further analyses are necessary to elucidate the regulatory mechanism of rbc and other genes related to CO 2 -concentrating ability.
Concerning the rbc promoter, a specific protein-DNA complex was observed with fluorescent-labeled AT-rich ele- Fig. 4 Analysis of trans-acting factor which binds to the AT-rich region by fluorescent-based electrophoretic mobility shift assay. Protein extracts from Synechococcus sp. 7002 grown under aeration with 1% or 15% CO 2 were incubated with 6-carboxyfluorescein-labeled ATrich element. The sequence and location of a probe used for the assay was described in Materials and Methods. (A) Fluorescence curves for trans-acting factor bound to the rbc AT-rich region. Arrowheads indicate the protein-DNA complexes. (a) AT-rich probe with protein extracts from 15% CO 2 culture; (b) AT-rich probe with protein extracts from 15% CO 2 culture and 50-fold molar excess of unlabeled specific probe; (c) AT-rich probe with protein extracts from 15% CO 2 culture and 50-fold molar excess of non-specific probe; (d) AT-rich probe with protein extracts from 1% CO 2 culture. (B) Comparison of the signal intensities for the protein-DNA complexes prepared from Synechococcus sp. 7002 under aeration with 15% and 1% CO 2 . Data represent mean ± SD obtained from three independent measurements. Fig. 5 DNA affinity precipitation assay. Beads coated with 500 pmol of AT6 DNA were mixed with protein extracts and unbound proteins were removed with two washes of 1´ gel shift buffer. Bound proteins were electrophoresed and visualized by staining with Coomassie Brilliant Blue, after transferring onto PVDF membrane, ProBlott™ as described in Materials and Methods. Lane M, molecular marker; lane 1 and 2, magnetically purified proteins. Two main bands, 16-and 11-kDa protein bands, were visualized (shown as arrows). ment using the fEMSA (Fig. 4) . Furthermore the signal for protein-DNA complex from 15% CO 2 culture showed a higher value than that from 1% CO 2 culture. In addition, a DNA affinity precipitation assay revealed that a 16-kDa protein, whose amino acid sequence was similar to the deduced protein sequences of ORF129 and ORF155 from Synechocystis 6803, bound to nucleotide sequences within the AT-rich element (Fig.  5, 6 ). Therefore, it appears that the AT-rich element of the rbc promoter region and its trans-acting factor are required for the modulation of the rbc promoter in response to CO 2 in Synechococcus sp. PCC7002 (Agmenellum quadruplicatum strain PR-6). Since the AT-rich element is quite similar to cis-acting elements of rbcS promoter in higher plants, it is possible that the rbc transcription in response to CO 2 is regulated in cyanobacteria by a mechanism similar to that in higher plants.
In conclusion, we found the cis-acting element and the trans-acting factor required for CO 2 -dependent regulation. The experiments showed that the CO 2 -dependent cis-acting element, the AT-rich region, was present upstream of the cyanobacterial rbc promoter and that the transcription of rbcLS may be regulated by specific interaction between this AT-rich element and its corresponding transcription factor.
Materials and Methods
Strains
Escherichia coli strain LE392, purchased from Stratagene (La Jolla, CA, U.S.A.), was grown in liquid culture or on a plate containing NZY medium (Maniatis et al. 1989 ) at 37°C. The cyanobacterial strain Synechococcus sp. PCC7002 (Agmenellrum quadruplicatum PR-6) (Buzby et al. 1983 , Buzby et al. 1985 , obtained from the American Type Culture Collection (ATCC 27264), was cultured at 32°C in medium A (Tabita et al. 1974 ) under aeration with 0.03%, 1% or 15% CO 2 . Continuous illumination was provided at 50 mE m -2 s -1 by three FL40SS (37W) fluorescent lamps. Agar plates were prepared using medium A solidified with 1.5% agar and incubated at 32°C.
Cloning and DNA sequencing
Genomic DNA from Synechococcus sp. PCC7002 was isolated as described previously (Porter 1988) . A genomic DNA library was constructed by inserting 15-to 20-kb Sau3AI-digested genomic DNA fragments into lambda DASH II (Clontech, Palo Alto, CA, U.S.A.).
An rbcL probe was prepared from Synechococcus sp. PCC7002 genomic DNA by PCR amplification and used to screen the library. Primers for rbcL were constructed according to the conserved amino acid sequences both in Synechococcus 6301 and Anabaena 7120 large subunit proteins (Curtis and Haselkorn 1983) . The positive clone was purified from the library by using the plaque filter hybridization technique (Maniatis et al. 1989) , and the nucleotide sequence was determined on both strands by shotgun sequencing using an automated DNA sequencer (model 373S, Applied Biosystems, Norwalk, CT).
Quantitative RT-PCR
Total RNA was extracted from cyanobacteria cultured under aeration with 0.03%, 1% or 15% CO 2 using Trizol (Invitrogen, Carlsbad, CA, U.S.A.). The quality and quantity of RNA were examined by 1% agarose gel electrophoresis and spectrophotometric measurement. Aliquots of total RNA (0.2 mg) were amplified to the appropriate cycle using 0.5 mM of fluorescence-labeled [R110] dUTP (Applied Biosystems), 0.4 mM of a set of oligonucleotide primers, 1 mM of dNTP/ analog mixture (Takara, Kyoto), 0.8 U ml -1 of RNase inhibitor (TaKaRa), 0.1 U ml -1 of AMV Rtase XL (TaKaRa) and 0.1 U ml -1 of AMV-optimized Taq polymerase (TaKaRa) in 20 ml of reaction mixture. A set of oligonucleotide primers for Synechococcus PCC7002 rbcL and ATPaseA genes were synthesized based on the following nucleotide sequences: rbcL sense primer 5¢-CTA CAA GGG TCG TTG CTA CAA TG-3¢: rbcL antisense primer 5¢-GTG CAT GAT GAT GGG AGT GCC GA-3¢; ATPaseA sense primer 5¢-CCC GTA ATG TTC AGC GTG TC-3¢: ATPaseA antisense primer 5¢-ATG ATT TTC CAA GGC ACA AG-3¢. The size of fragments amplified was 564 for rbcL and 189 bp for ATPaseA. Reactions were aliquoted from a master mix to minimize the tube to tube variation. After cDNA synthesis at 50°C for 30 min, PCR amplification was conducted by the protocol of 85°C denaturation for 40 s, 55°C annealing for 40 s, and 72°C extension for 1 min. We adjusted the amounts of input RNA and the number of PCR cycles for each analysis. The mRNA levels for rbcL and ATPaseA were compared at a logarithmic amplification of 22 cycles.
Fluorescent-labeled products were mixed with a size standard marker GS2500. rox (Applied Biosystems) and analyzed by 310 Genetic Analyzer (Applied Biosystems) and GeneScan 672™ software (Applied Biosystems). Levels for PCR products were semi-quantified by the peak area of fluorescence intensity. ATPaseA mRNA levels were used to normalize the initial amount of mRNA for rbcL gene. The average of the normalized mRNA levels for rbcL was statistically compared among 0.03%, 1% and 15% CO 2 cultures using Student's ttest. 
DNA constructions and assay for CAT activity in cyanobacterial transformants
Deletions in the rbc promoter region were prepared using the PCR technique. PCR products, R1, R2 and R3 for 3¢ deletion and R4, R5, R6 for 5¢ deletion and R7, were blunted and cloned into bluntedPstI site on pAQJ4-CAT, which was constructed by inserting the chloramphenicol acetyltransferase (CAT) gene and rRNA T 1 T 2 terminator region from pKK232-8 (Pharmacia, Uppsala, Sweden) into pAQJ4-MCS (Akiyama et al. 1998 , Akiyama et al. 1999 at BamHI and SmaI restriction sites (Fig. 2) . The resulting vectors were confirmed by DNA sequence analysis using 373S DNA sequencer (Applied Biosystems). On the other hand, the E. coli trc promoter from pKK233-2 (Pharmacia) by HindIII and BamHI digestions was cloned into blunted-PstI site on pAQJ4-CAT, and after sequence analysis, the resulting vector trc/ pAQJ4-CAT was used as a control E. coli promoter vector.
Synechococcus sp. PCC7002 was transformed by the method described by Buzby et al. (1985) , except that the concentration of DNA was modified to 0.4 pmol ml -1 . Single colonies from cyanobacterial transformants were cultured in 5 ml of medium A containing 4 mg ml -1 of ampicillin under aeration with 0.03% or 1% CO 2 . Each culture was collected at mid-logarithmic phase (OD 550 = 5), resuspended in 0.5 ml of extraction buffer (50 mM Tris-Cl, 30 mM dithiothreitol, pH = 7.8), sonicated three times at 30 W for 1 min (OHTAKE Works, Tokyo), and centrifuged at 12,000 rpm for 15 min at 4°C. Dilutions of the resulting supernatant were assayed for CAT activity, and the level of CAT activity was determined by spectrophotometric assay as described previously (Shaw 1975) . The rate of increase in absorbance at 412 nm was measured at 37°C to determine enzyme units in mmol of dithio bis-nitrobenzoic acid (DTNB) reduced per min per mg of total proteins. Protein concentrations were determined by the method of Bradford (1976) with bovine serum albumin as a standard.
Protein extraction for electrophoretic mobility shift assay
Cyanobacterial cultures (500 ml, OD 550 = 5) under aeration with 1% or 15% CO 2 were harvested by centrifugation and resuspended in 1 ml of extraction buffer (10 mM Tris, 1 mM EDTA, 250 mM KCl, 0.5 mM DTT and 10% glycerol). The cell suspension was frozen at -85°C, resuspended in 10 ml of extraction buffer, and sonicated three times at 30 W for 1 min. Cellular debris was pelleted (15,000´g, 20 min) and proteins were precipitated from the supernatant by the addition of (NH 4 ) 2 SO 4 (0.4 g ml -1 ). Protein precipitates were pelleted (15,000´g, 20 min) and resolved in 0.5 ml of extraction buffer without KCl. The protein extract was dialyzed twice for 12 h against 2 liter of extraction buffer without KCl. All manipulations were performed at 4°C.
Electrophoretic mobility shift assay with fluorescent-labeled probe
Oligonucleotides labeled with 6-carboxyfluorescein (6-FAM, absorption wavelength maximum: 495 nm, emission wavelength maximum: 521 nm) were synthesized based on the following nucleotide sequences and annealed: for sense 5¢-ATT TTA TGG CTT TTT TAG GTA TTT TTG TAA-3¢ and for antisense 5¢-TTA CAA AAA TAC CTA AAA AAG CCA TAA AAT-3¢ (30 bp AT-rich fragment at position -262 to -291, Fig. 1 ). Non-specific sequence, 5¢-GGTCATC-CAGCTGGAGCATC-3¢ was also used as a competitor. Both strands were annealed to generate double-stranded DNA fragments.
DNA binding reactions were performed at room temperature for 20 min. Ten ml of reaction mixture contained gel shift binding buffer (1 mM MgCl 2 , 0.5 mM EDTA, 4% glycerol, 0.5 mM dithiothreitol, 50 mM NaCl, 0.05 mg ml -1 poly(dI-dC), and 10 mM Tris-HCl, pH 7.5), 160 fmol of the fluorescent-labeled oligonucleotide probe, and 3 mg of nuclear extracts. Reaction products were mixed with a size standard marker, GS2500. rox (Applied Biosystems), to correct sample variations.
Samples were loaded onto a 10% non-denaturing polyacrylamide gel in 0.25´ TBE buffer, and electrophoresed at 500V with 377 automated DNA sequencer (Applied Biosystems). During electrophoresis, the temperature was kept at 23°C by circulating the cooling water from the outer pump. Signals for protein-DNA complexes were detected and peak areas were integrated for quantification using the GeneScan 2.1.1 software (Applied Biosystems).
DNA Affinity precipitation assay
Three oligonucleotides for DNA affinity precipitation assay were synthesized as follows; biotinylated AT6-AS (bAT6-AS), 5¢-TTA CAA AAA TAC CTA AAA AAG CCA TAA AAT-3¢: phosphorylated AT6-AS (pAT6-AS), 5¢-TTA CAA AAA TAC CTA AAA AAG CCA TAA AAT-3¢: phosphorylated AT6-S (pAT6-S), 5¢-TTG TAA ATT TTA TGG CTT TTT TAG GTA TTT-3¢. Phosphorylated AT6 DNA (annealed pAT6-AS and pAT6-S) and one-fourth the amount of biotinylated AT6 DNA (annealed bAT6-AS and pAT6-S) were ligated by their overlapping sticky TTGTAA ends, at 16°C for overnight with Ligation kit ver 2.0 (Takara). The ligated DNA was purified, added to the washed streptavidin-coated magnetic beads (Dynabeads ® M-280, Dynal, Great Neck, NY, U.S.A.) and rotated for 1 h at room temperature. Unbound DNA was removed by washing twice with TES buffer (5 mM Tris-HCl (pH 7.5), 0.5 mM EDTA, 1 M NaCl). The ratio of biotinylated DNA to streptavidin-coated beads was 200 pmol DNA per milligram of beads.
Beads coated with 500 pmol AT6 DNA were then mixed with protein extracts (500 mg) in 250 ml of 1´ gel shift buffer containing poly L-lysine and poly [d(I-C)] (Roche Diagnostics GmbH, Mannheim Germany) and incubated for 1 h at 32°C. Unbound proteins were removed with two washes of 0.25 ml of 1´ gel shift buffer. Complexes of AT6 DNA and bound proteins were mixed with 1´ lamini buffer and incubated for 5 min at 95°C. The supernatant was electrophoresed through a 4-20% gradient SDS polyacrylamide gel and bound proteins were visualized by staining with Coomassie Brilliant Blue after transferring onto PVDF membrane, ProBlott™ (Applied Biosystems). N-terminal amino acid sequences of visualized proteins were then determined with a protein sequencer G1000A (HewlettPackard, Avondale, PA, U.S.A.).
